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Density Studies on Two Homologues of 
a,o-Bis(4-n-Alkylanilinebenzylidine-4'-Oxy) 

Alkanes 

B. GOGOI, A. ARULSANKAR, T. K. GHOSH and P. R. ALAPATI 

Department of Physics, North Eastern Regional Institute of Science & Technology. 
Itanagar - 791 109, India 

a,m-bis(4-n-alkylanilinebenzylidine-4'-oxy)alkanes exhibit a rich smectic polymorphism. 
We have studied the variation of density as a function of temperature across the phase transi- 
tions in two compounds of the series viz., 7.040.7 and 7.050.7. Both of these compounds 
exhibit a rare phase transition of Sm A - Sm F. The results confirmed first order nature of the 
transitions of Isotropic - Sm A and Sm A - Sm F, but with a smaller jump than expected in 
density as compared to monomers across the transitions. The estimated pressure dependence 
of transition temperature is also reported. The results are discussed in the light of available 
literature data. 

Kqvwords: Schiff base dimers; Isotropic - Smectic A transition; Sm A-Sm F transition; den- 
sity jump 

INTRODUCTION 

Liquid aystal dimes  differ kom conventional low molar mass mesogens in that 

they are composed of molecules, in which two anisotropic groups are linked by a 

flexible spacer. They have been attracting a great deal of intaest in recent years not 
only fiom their ability to act as model compounds for semi-flexible main-chain 

liquid crystal polymers but also because they show quite different properties to 

conventional low molar mass liquid crystals. The liquid crystalline p r o p t i e s  as 
well as the structure of the different liquid crystal phases of these compounds are 
found to be dependent on the number of carbon atoms in the ~pacd' -~] .  

[ 15 171156 I 
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5624 I5 181 B.  COG01 era/. 

4~bis(4-n-alkylanilinebauylidine-4'-oxy) alkanes (hereafter refmed to 
as m.On0.m) homologous series of compounds have shown a rich med ic  

mesomqhisrn['l. In addition to the commonly observed smectic A, smedic C, 

smectic B phases. the uncunmon smectic F phase is also present in a number of long 

terminal chaii length homologues. Many of the transitional properties of these 

dimas depend strongly on the length and parity of the spacer. In particular, the 
Nematic-Isotropic transition temperatures and entropies exhibit a marked altenation 
on marasing the spacer lmgth. lhis alternation of Nematic - Isotropic transition is 
attenuated as the length of the spacu increases, whereas the entropy change at the 

transition, ASIR, exhibits the same striking altenation but now there is little 

indication that this altunation decreases with spacer length. "bese compounds 
exhibit quite inkresting sbuctural features in that the X-ray difiction shdies have 
show an unusual feature m the dil3inctioa pattm for the med ic  F phases exhibited 
by odd-membered comp~unds~'~'~. This feature is an unresolved shoulder on the 
peak in the wideangle region, which has not previously reported and may arise kom 
a distortion of the hexagonal lattice due to the difficulties in packing of bent 
molecules. 

It is interesting to note that smectic phase formation for these dimus 
involve, microphase separation into three regions viz, mesogenic groups, terminal 
chains and spacers each constituting a microphase. In contrast, monomers have only 
two regions viz., mesogenic groups and terminal chains. As a part of our systematic 
study of rare phase transitioaq we present here the density studies on two 
compwnds of the rn.On0.m homologous saies. These are 7.040.7 and 7.050.7 
both of which exhibit Isotropic - Smectic A and the rare Smectic A - Smectic F 
phase transitions The Smectic A - Smcctic F transition is monobopic in 7.050.7, 
while it is enantiahopic m 7.040.7. 

EXPERIMENTAL 
The compounds were synthesized using the procedure given in literaturd" and 
repeatedly remystalked kom ethyl acetste until the transition tempaatures were 
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DENSITY STUDIES ON TWO HOMOLOGUES ... [ IS  I9]/563 

reproducible. The Differential Scanning Calorimetry (DSC) studies were carried out 

on Perkin-Elmer DSC7. Various phases exhibited by the compounds were 

characterized by observing their textures unda a polarizing microscope attached 

with an indigenous hot stage. The temperature resolution of the microscopic 

observations WBS O.IoC. Density studies were carried out with a bicapillary 

pyknometd'O1. The diameter of the capillary was about 0.35 mm and the accuracy 

in the density measurements was t 0 . I  Kg. m-3. The pamitted cooling rate in the 

experiment was 2°C hr" and the temperature accuracy is M. 1 "C. 

RESULTS AND DISCUSSION 

The molecular structure of the compounds and phase transition temperatures are 

shown below. 

7.040.7 (n=4) and 7.050.7 (n=5) 

I 12.l0C 167.6OC 2 12.1"C 
7.040.7 K SF S A  I 

108.6"C 142.1"C 
7.050.7 K + S* +--, I 

DSC scans of 7.040.7 and 7.050.7 show sharp melting bansition which is 

an indication of the purity of the compound. The transition temperatures and 

enfropy change at different bansitions are in excellent agreement with repated 

litmature vaIuesl'l. 
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FIGURE 1 Density and Thermal Expansion Coefficient variation with 
temperature in isotropic, smectic A and Smectic F phases of 
7.040.7 
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FIGURE 2 Density and Thermal Expansion Coefficient variation with 
temperature in isotropic, smectic A and smectic F phases of 
7.050.7 

The variation of density as a fimction of temperature and the variation of estimated 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

42
 1

6 
A

ug
us

t 2
01

2 



DENSITY STUDIES ON TWO HOMOLOGUES ... [1521]/56S 

thamal expansion coefficient (a = dlnV/dT where V is molar volume) with 

temperature for 7.040.7 and 7 . 0 5 0 . 7 ~ ~  shown in figures I and 2 respectively. In 

both compounds, the density increases as the tunpemture decreases, except in the 

vicinity of the phase transitions. The molar volume of 7.040.7 at T,&SoC was 

found to be 681.50 x lo4 m3 mol" whereas the molar volume of 7.050.7 at TN+5OC 

was found to be 697.01 x lod m3 mol-'. Therefore, the increment in molar volume 
per methylene unit is 15.50 x lo4 m3 mol'l, which is in agreement with the literature 

data["]. 

The Isotropic - S m d c  A transitim in both 7.040.7 and 7.050.7 is 
inferred as a first order transition with a significant jump in density as well as 
indicated by a peak in thermal expansion coefficient. Further, coexistence of 

isotropic and smectic A phases is observed for 0.6OC in 7.040.7 and for 0.9"C in 

7.050.7. However, significant jump in density at tfie transition is completed within 
0.2OC in 7.040.7 and 0.3"C in 7.050.7. The ohserved density jump (Ap/p %) 

across the 1 - SA transition is 1.57% in 7.040.7 and 0.95% in 7.050.7 and is in 

agreement with the reported  value^^'*^. These density jumps and a thermal expansion 

coefficient peak value of428 x lo4 "C' for 7.040.7 and 182 x lo4 "C' for 7.050.7 

confirms the I-SA transition to be first order transition. The minimum and 
maximum values of density change reported so far across I - SA transition are 0.35% 

and 2% respectively. Howeva, the density jump across the I - SA transition in both 
of these compounds is significantly smalla than that for the transition exhibited by 

monomers. This is quite unexpected since the entropy change at I - SA transition in 

7.040.7 and 7.050.7 is much higher compared to that of monomers. A comparison 
of density jumps and transition enthalpy at I-SA transition in &&rent compounds 

(monomers) and dimers is presented in Table 1. 

In compounds exhibiting two phase transitions separated by a 
narrowtemperature range, large density jumps are observed in some compounds at 

the phasetransition on the high tempaature side. Analogous resUlts[l3~''l are 
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5664 15221 B. GOGOI e t a /  

o h e d  at Nematic - Smedic A transition also in the compounds exhibiting narrow 
nematic phase. In the present study, presumably, large medic A phase thermal 

range of 46.8”C in 7.040.7 and 44.2”C in 7.050.7 is responsible for smaller density 

TABLE 1 Density jump and heat of transition at I-& transition of some 
compounds. 

COMPOUND hplp% LWJ mol” References 
7.040.7 1.57 17665.73 Present work 
7.050.7 
Di-n-hexadecyl 4,4’-azoxy cinnamate 
Di-n-undecyl4,4‘-azoxy cinnamate 
Di-n-undecyl4,4’-ezoxy-a-methyl 
cinnamate 
n-amyl-4(4-n-dodecyloxybenzylidene 
amino) cinnamate 
N-(4-n-Heptyloxybenzid~e)4’-n- 
octylaniline 
N-(4-n-octyloxybenzylidene)4’-n- 
but ylaniline 
Ter~thalylidenabispn-decylaniline 
Terephthalyl iden~bispn~lanil ine 
Di, ethyl 4,4’-ezoxy dibenzoate 

0.95 
0.40 
0.35 

I .21 

1.28 

1.04 

1.11 
1.82 
0.96 
2.00 

9046.68 
4764 
5555 

8565 

8414 

5870 

5680 
7080 
5670 
5442 

Present work 
13 
13 

13 

13 

15 

14 
12 
16 
17 

jumps at the I - SA transition although the enthalpy change at the transition is 
significantly higher. 

An estimate of the ptessure dependmce of transition temperatures can be 

obtained using Clausius-Clapeyron equatim 

- dTf = r(g) 
dP 

where Tr - Transition temperature. 
AV 

AH - Heat of transition. 

- Molar volume change associated 
with the transition. 

7he estimated values of the pressure dependence of transition tempaatures and the 
molar volume changes along with I-SA transitim temperature are presented in 
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DENSITY STUDIES ON TWO HOMOLOGUES ... [ 1523]/567 

Table 2. The estimated value of pressure dependence of transition tempuature fim 

the molar change and heat of transition (dT,/dP) is 29.08 wk bar for 7.040.7 and 
30.07 K k  bar for 7.050.7. These values are in reasonable agreement with reported 
values estimated for I - S,, m i t i o n  in monomers. 

The smectic A - snectic F transition is inkred by a large jump in density 
in both 7.040.7 and 7.050.7 compounds. The observed density jump is 0.55% in 
7.040.7 whereas 0.62% in 7.050.7. These density jumps along with the thermal 

expansion coefficient peak value of 165 x lo4 “C’ for 7.040.7 and 160 x lo4 “C’ 
for 7.050.7 at the transition c o n h  SA - SF transition as first order transition. 

Smectic A - Smectic F transition is an example of a transition from disordered 
orthogonal struchne in smectic A to the ordaed snectic F phase in which the 
molecules are packed in layers with a pdehexagonal  arrangement with a twe 

dimensional structure of the positional order and long axis tilted (direction of tilt is 
towards an edge of hexagon) with respect to the layer planes (i.e., with unmelated 

TABLE 2 I-SA transition tempaature, heat of transition and pressure 
dependence of transition temperatures 

7.050.7 142.1 9046.68 30.07 
Di-n-hexadecyl4,4’-azoxy cinnamate 135 4764 26.7 

Dia-undecyl4,4’-azoxy-a-methyl 
cinnamate 85.7 8565 18.9 
n-amyl-4(4-n-dodecyloxybenylidene 
amino) cinnamate 137.2 8414 33.7 
N-(4-n-Heptyloxybcnzylidene)4’-n- 
octylaniline 83 5870 27.3 
N-(4-n-octyloxybenzylidesle)4’-n- 
butylaniline 81.2 5680 26.5 
Taephthalylidenabis-pn-d4cylanilme 190.2 7080 72.2 
Terephthalylidenabis-pn-octylani~me 202.4 5670 42 

layers but long range bond orimtational order) is expected to be a first order 
transition. This transition is obsaved very rarely. The only otha compound on 
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5684 1.5241 B. GOGOl et ( I / .  

which dolsity studies were reported aum smectic A - smectic F transiticm is N@ 
n-nonyloxy benzylidene)pn-Butylmi~rne (90.4) m which a density jump of 1.42% 
was The estimated pressure dcpendart transition tempaature is found 
to be 37.25 Kk bar for 7.040.7 end 16.82 Kk bnr for 7.050.7. These values are 

smaller than that reported for 90.4 which is 48 Wk bd” .  Significantly, smalls 

density jumps observed for 7.040.7 and 7.050.7 compared to mmamez (Aplp% = 

1.42 for 90.4) may be assigned to the large volume of dim= molecule compared to 
that of monomer. 
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